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Abstract
Traversable wormholes, studied by Morris and Thorne [3] in general relativity, are
investigated in this research paper in f(R, T ) gravity by introducing a new form of non-
linear f(R, T ) function. By using this novel function, the Einstein’s field equations in
f(R, T ) gravity are derived. To obtain the exact wormhole solutions, the relations pt = ωρ
and pr = sinh(r)pt, where ρ is the energy density, pr is the radial pressure and pt is the
tangential pressure, are used. Other than these relations, two forms of shape function
defined in literature are used, and their suitability is examined by exploring the regions of
validity of null, weak, strong and dominant energy conditions . Consequently, the radius
of the throat or the spherical region, with satisfied energy conditions, is determined and
the presence of exotic matter is minimized.
Keywords: f(R, T ) Gravity; Energy Conditions; Traversable Wormhole.
1 Introduction
Recently, cosmologists are trying to construct an exact traversable wormhole model without
exotic matter. However, it is a challenging problem not only in general relativity, but also in
modified theories. Now, the question lies, whether the laws of physics are allowed to construct
and sustain wormholes for interstellar travel. Such a wormhole is a tunnel in the topology of
space, which links widely two separated regions of the universe. This type of geometry could be
described by the Schwarzschild metric with an appropriate choice of topology [1,2]. However, the
Schwarzschild wormhole contains the horizon. It avoids two-way travel. Its throat squeezes so
quickly that it cannot be traversed in even one direction [2]. To avoid horizons and singularities,
one must thread the throat with nonzero stress and energy [3]. Now, the researchers could face
two questions: (a) Does quantum field theory allow such kind of stress-energy tensor which
is essential to sustain a two-way traversable wormhole? (b) Do the laws of physics allow the
construction of wormholes in a universe as its spatial sections initially are simply connected?
These questions become important when one identifies that the laws of physics allow traversable
wormhole. They perhaps allow such a wormhole to be transformed into a ”time machine” with
which causality might be violated.
The wormholes are tunnel like structures that possess non-trivial topology and connect two
space-times or two different points in the same space-time. Einstein and Rosen [4] obtained
the wormhole geometry known as Einstein-Rosen bridge that connects two sheets. Wheeler [5]
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obtained Reissner-Nordstro¨m or Kerr wormholes in the form of geometries of quantum foam at
the Planck scale. Hawking [6] transformed these wormholes into Euclidean wormholes through
which, the travel from one side to the other side was not possible. Later, Thorne with his
student Morris [3] constructed traversable wormholes with two mouths and one throat. They
considered static and spherically symmetric wormholes, performed the meticulous study and
obtained the presence of the exotic matter that violates the energy conditions. They presented
a class of wormhole solutions of the Einstein field equation which described that human beings
could be traversed through the tunnel of the wormholes, provided, there should not be any
horizon throughout the tunnel. So, near the throat of the wormhole the material must hold
the radial tension greater than the mass energy density (τ0 > ρ0c
2). So far, no known material
has this τ0 > ρ0c
2 property and such type of material would violates all energy conditions. For
backward time travel, these wormholes can also be converted into time machines [7, 8].
The traversable wormholes do not satisfy all energy conditions simultaneously in general
theory of relativity [3]. However, there are some gravitational theories in which a traversable
wormhole could follow the energy conditions [9–13]. In fact, investigation of various traversable
wormholes in different modified theories is a significant and prominent issue in theoretical
physics. The general theory of relativity could be modified in many different aspects. The
result of these modifications reveals the large number of modified theories available in the lit-
erature [14–18]. The f(R) modified gravity [19] attains ample consideration for its capability
to elucidate the expansion of the universe. In the early 1980s, Starobinsky [20] discussed f(R)
model by taking f(R) = R+αR2, where α > 0, represents inflationary scenario of the universe.
The f(R) theory of gravity replaces the scalar curvature R in the Einstein gravitational action
by an arbitrary function f(R). A simplification of f(R) gravity suggested in [21] integrates an
unambiguous coupling between the matter Lagrangian and an arbitrary function of the scalar
curvature, which leads to an extra force in the geodesic equation of a perfect fluid. Subse-
quently, it is shown that this extra force may be a justification for the accelerated expansion
of the universe [22–24]. The dynamical behavior of the matter and the dark energy effects
have been obtained within extended theories of gravity [25–28]. Apart from this, recently many
scientists have studied the dynamics of cosmological models using f(R) gravity in various di-
rections [29–42]. Unsurprisingly, these models may also have some inadequacies. For example,
solar system tests have ruled out most of the f(R) models suggested so far [43,44].
Apart from this, f(R, T ) theory [45] has also gained much attention to explain accelerated
expansion of the universe. In this theory the matter term is included in gravitational action, in
which the gravitational Lagrangian density is an arbitrary function of both R and T , where R
is the Ricci scalar and T is the trace of the stress-energy tensor. The random requirement on
T summarizes the conceivable contributions from both non-minimal coupling and unambiguous
T terms. Many functional forms of f(R, T ) theories have been studied for the effect of cos-
mological dynamics in different contexts. The split-up f(R, T ) = f1(R) + f2(T ), where f1 and
f2 are arbitrary functions of R and T respectively, has established much attention because one
can explore the contributions from R without specifying f2(T ). Similarly one can explore the
contributions from T without specifying f1(R). In such separable theories, the reconstruction
of f(R, T ) gravity is studied [46]. A non-equilibrium picture of thermodynamics at the appar-
ent horizon of the (FLRW) universe is studied [47]. Several authors have adopted the form
f(R, T ) = f1(R) + f2(T ) to study the cosmological dynamics from different aspects [48–74].
Many cosmologists have studied wormhole solutions in modified theories of gravity from
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different aspects. We are going to discuss the contributions of some cosmologists in f(R)
and f(R, T ) gravity theories. Pavlovic and Sossich [75] introduced a variable redshift function
and obtained wormhole solutions without exotic matter in f(R) gravity. Mazharimousavi and
Halilsoy [76] obtained wormhole solutions satisfying weak energy condition in f(R) gravity. Lobo
and Oliveira [77] obtained wormhole solutions in f(R) gravity using specific shape functions and
constant redshift function and explored the factors supporting the wormhole structures. Saiedi
and Esfahani [78] used constant redshift and shape functions, and examined ’null and weak’
energy conditions to obtain the wormhole solutions in f(R) gravity. Eiroa and Aguirre [79]
studied thin-shell wormholes with a charge in f(R) gravity and checked their stability under
perturbations. Kuhfittig [80], using the framework of f(R) gravity, derived f(R) functions
for different shape functions. They also obtained wormhole solutions for specific choices of
f(R) functions. Godani and Samanta [81] studied traversable wormhole in f(R) gravity for
two specific forms of shape functions and found wormhole structures are filled with phantom
fluid. Samanta et al. [82] defined an exponential shape function and compared the validity of
energy conditions in f(R) and f(R, T ) theories of gravity. Recently, Godani and Samanta [83]
and Samanta and Godani [84] found the satisfaction of energy conditions for a wide range of
radial coordinate in the context of traversable wormholes in f(R) gravity. Further, Samanta
and Godani [85] having considered power law shape function and an equation of state, derived
a viable f(R) model and obtained the validity of energy conditions.
Azizi [86] derived shape function and obtained the wormhole solutions satisfying the null
energy condition using the background of f(R, T ) gravity. Zubair et al. [87] considered static
and spherically symmetric wormholes with three types of fluids with f(R, T ) = f(R) + λT
gravity, where λ is a constant one. They used Starobinsky f(R) model and analyzed the energy
conditions. Zubair et al. [88] proposed non-commutative geometry in terms of Gaussian and
Lorentizian distributions of string theory and obtained the exact and numerical solutions in
f(R, T ) gravity. They also discussed gravitational lensing for exact wormhole solutions. Yousaf
et al. [89] considered wormholes filled with two different fluids and obtained solutions without the
presence of exotic matter. Moraes et al. [90] used an analytical approach to obtain the wormhole
solutions in f(R, T ) gravity. Elizalde and Khurshudyan [91] studied wormholes in f(R, T )
gravity for two forms of varying Chaplygin gas and obtained the violation of null and dominated
energy conditions. Bhatti et al. [92] considered exponential f(R, T ) gravity model and found
wormhole solutions. E. Elizalde and M. Khurshudyan [93] investigated traversable wormhole
solutions in f(R, T ) gravity by considering the various forms of energy density. Moraes et al. [94]
studied the charged wormhole solutions in f(R, T ) theory of gravity and found satisfaction of
energy conditions. Sharif and Nawazish [95] investigated wormhole solutions for dust and non-
dust distributions using Noether symmetry approach in f(R, T ) gravity. They considered both
the variable and constant forms of redshift function and found the existence of stable and
traversable wormhole solutions.
The motivation of this paper is to study the traversable wormholes in f(R, T ) gravity by
defining new form of f(R, T ) = R+ 2α lnT function to minimize the presence of exotic type of
matter near the throat of the wormhole. Therefore, in this work, we have assumed logarithmic
form for the dependence on T in f(R, T ) gravity. The regions satisfying the energy conditions
are explored. Consequently, the wormhole solutions without exotic matter are obtained.
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2 The Background of f (R, T ) Gravity
The f(R, T ) theory of gravity was first introduced by Harko et al. [45] in 2011. They extended
standard general theory of relativity by modifying gravitational Lagrangian. The gravitational
action in f(R, T ) theory is given by
S = SG + Sm =
1
16pi
∫
f(R, T )
√−gd4x+
∫ √−gLd4x, (1)
where f(R, T ) is assumed to be an arbitrary function of R and T . Precisely, R is the Ricci
scalar and T is the trace of the energy momentum tensor Tµν . The matter Lagrangian density
is denoted by L and the energy momentum tensor is defined in terms of the matter action as
follows [96]:
Tµν = −2δ(
√−gL)√−gδgµν , (2)
which yields
Tµν = gµνL − 2 ∂L
∂gµν
. (3)
The trace T is defined as T = gµνTµν . Let us define the variation of T with respect to the metric
tensor as
δ(gαβTαβ)
δgµν
= Tµν + Θµν , (4)
where Θµν = g
αβ δTαβ
δgµν
. Varying action (1) with respect to the metric tensor gµν , yields
fR(R, T )Rµν−1
2
f(R, T )gµν+(gµν−OµOν)fR(R, T ) = 8piTµν−fT (R, T )Tµν−fT (R, T )Θµν , (5)
where fR(R, T ) ≡ ∂f(R, T )
∂R
and fT (R, T ) ≡ ∂f(R, T )
∂T
. Note that, if we take f(R, T ) = R and
f(R, T ) = f(R), then the equations (5) becomes Einstein field equations of general relativity
and f(R) gravity respectively.
In this present study, we consider f(R, T ) = R+ 2f(T ), where f(T ) is an arbitrary function
of trace of the energy momentum tensor T . Now, using this particular form of f(R, T ) function
in equations (5), we obtained
Rµν − 1
2
Rgµν = 8piTµν − 2f ′(T )Tµν − 2f ′(T )Θµν + f(T )gµν , (6)
where prime stands for derivative with respect to the argument. If the matter source is a perfect
fluid, Θµν = −2Tµν − pgµν , then the field equations (6) become
Rµν − 1
2
Rgµν = 8piTµν + 2f
′(T )Tµν + (2pf ′(T ) + f(T ))gµν . (7)
Note that, if we take f(T ) ≡ 0, then the field equations (7) become general Einstein field
equations.
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3 f (R, T ) = R + 2α ln(T ) and Wormholes Modeling
In the present paper, we define a novel form of f(R, T ) function as
f(R, T ) = R + 2α ln(T ), (8)
where α is constant and T = −ρ + pr + 2pt. From the above choice of f(R, T ), the term
T = −ρ + pr + 2pt should be greater than zero, otherwise the function f(R, T ) will not be
well defined. Therefore, the condition T = −ρ + pr + 2pt > 0 is mandatory. In this functional
form, the logarithmic dependence on T is new in literature. Models exponentially depending
on R or T terms are defined in literature in the context of both f(R) and f(R, T ) gravity
theories [97–100]. Since logarithmic and exponential functions are inverse of each other and,
wormhole solutions have been obtained for exponential dependence on T in f(R, T ) function,
therefore a natural question arises: whether the wormhole solutions with or without exotic mat-
ter exist for logarithmic dependence on T in f(R, T ). The main motivation is to minimize the
presence of exotic matter near the throat of the wormhole. Hence, this is the reason for defining
f(R, T ) function in terms of logarithmic function of T .
A static and spherically symmetric wormhole structure is defined by the metric
ds2 = −e2Φ(r)dt2 + dr
2
1− b(r)/r + r
2(dθ2 + sin2 θdφ2), (9)
where the functions b(r) and e2Φ(r) are called as shape and redshift functions respectively. The
radial coordinate r varies from r0 6= 0 to ∞, where r0 is called the radius of the throat. The
angles θ and φ vary from 0 to pi and 0 to 2pi respectively. To avoid the presence of horizons and
singularities, the redshift function should be finite and non-zero. The shape function should
satisfy the following properties: (i) b(r)
r
< 1 for r > r0, (ii) b(r0) = r0 at r = r0, (iii)
b(r)
r
→ 0 as
r →∞, (iv) b(r)−b′(r)r
b(r)2
> 0 for r > r0 and (v) b
′(r0) ≤ 1.
The energy momentum tensor for the matter source of the wormholes is Tµν =
∂Lm
∂gµν
, which
is defined as
Tµν = (ρ+ pt)uµuν − ptgµν + (pr − pt)XµXν (10)
such that
uµuµ = −1 and XµXµ = 1, (11)
where ρ, pt and pr stand for the energy density, tangential pressure and radial pressure
respectively.
The Ricci scalar R is given by R = 2b
′(r)
r2
and the field equations for the metric (9) in
f(R, T ) = R + 2α ln(T ) gravity are obtained as:
b′(r)
r2
= 8piρ− 2α− α ln(−ρ+ pr + 2pt) (12)
−b(r)
r3
= 8pipr +
4α(pr + pt)
−ρ+ pr + 2pt + α ln(−ρ+ pr + 2pt) (13)
b(r)− rb′(r)
2r3
= 8pipt +
2α(3pt + pr)
−ρ+ pr + 2pt + α ln(−ρ+ pr + 2pt), (14)
where the prime stands for the differentiation with respect to the radial co-ordinate r.
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4 Wormholes Solutions
In Section 3, the novel f(R, T ) function is defined as f(R, T ) = R+2α ln(T ), where α is constant
and T = −ρ+pr+2pt > 0. Using this f(R, T ) function, the field equations (12)-(14) are derived.
We have chosen function b(r) and relation between ρ, pr and pt to find out the exact solutions.
In literature, several cosmologists have considered the equation of state pr = ωρ. In our study,
the field equations are highly non-linear in terms of energy density and pressures. The choice
pr = ωρ makes the field equations and hence the solutions very complicated. Therefore, in the
present work, we have considered the equation of state
pt = ωρ, (15)
where ω is the equation of state parameter. Since both radial and tangential pressures may be
isotropic or anisotropic, we have assumed the relation between these two pressures as
pr = kpt, (16)
where k can be constant or variable.
Using equations (15) and (16) in(12)-(14) and performing some algebra, the equation of
state parameter ω comes out to be equal to
ω =
rb′(r)− 3b(r)
(k − 2)rb′(r) + (k + 2)b(r) . (17)
Further, using this value of ω, the tangential pressure pt comes out to be equal to
pt =
(rb′(r)− 3b(r)) (−rb′(r) + (k + 2)b(r) + α(k − 1)r3)
16pi(k − 1)r3 ((k + 2)b(r)− rb′(r)) . (18)
If we consider isotropic pressures, i.e. k = 1, then pt is equal to infinity and hence pr is also equal
to infinity. This implies that the value of k cannot be equal to 1 or the radial and tangential
pressures cannot be equal for our model. Hence, the isotropic nature of geometry could be
rolled out for f(R, T ) = R+α lnT gravity. Now, there can be many choices for k other than 1.
For our model, we consider variable k defined as
k = sinh(r). (19)
Using the value of k from Eq. (19) in Equations (17) and (18),
ω =
rb′(r)− 3b(r)
r(sinh(r)− 2)b′(r) + b(r)(sinh(r) + 2) (20)
pt =
(rb′(r)− 3b(r)) (−rb′(r) + b(r)(sinh(r) + 2) + αr3(sinh(r)− 1))
16pir3(sinh(r)− 1) (b(r)(sinh(r) + 2)− rb′(r)) . (21)
Now, to determine the exact solution, it is required to define the shape function b(r) explicitly.
In this work, we have considered two forms of b(r) defined in the literature. One form is
b(r) =
r0 log(r + 1)
log(r0 + 1))
, (22)
6
proposed by Godani and Samanta [81] to analyse the wormhole solutions in f(R) theory of
gravity.
Another form is
b(r) =
r
exp(r − r0) , (23)
introduced by Samanta et al. [82] for the investigation of the wormhole solutions in the back-
ground of modified f(R) and f(R, T ) gravity theories.
Using these two forms of b(r), we have obtained wormhole solutions and computed different
combinations of energy density, radial and tangential pressures in the following two cases:
Case I: b(r) = r0 log(r+1)
log(r0+1))
ω =
r − 3(r + 1) log(r + 1)
−2r + 2(r + 1) log(r + 1) + (r + (r + 1) log(r + 1)) sinh(r) (24)
pt =
1
16pi(sinh(r)− 1)
[
− 3r0 log(r + 1)
r3 log(r0 + 1)
+
r0
r2(r + 1) log(r0 + 1)
− α(3(r + 1) log(r + 1)− r)(sinh(r)− 1)−r + 2(r + 1) log(r + 1) + (r + 1) log(r + 1) sinh(r)
]
(25)
pr =
sinh(r)
16pi(sinh(r)− 1)
[
− 3r0 log(r + 1)
r3 log(r0 + 1)
+
r0
r2(r + 1) log(r0 + 1)
− α(3(r + 1) log(r + 1)− r)(sinh(r)− 1)−r + 2(r + 1) log(r + 1) + (r + 1) log(r + 1) sinh(r)
]
(26)
ρ =
1
16pir3(r + 1)(sinh(r)− 1) log(r0 + 1)(−r + 2(r + 1) log(r + 1) + (r + 1) log(r + 1) sinh(r))
×
[
(−2r + 2(r + 1) log(r + 1) + (r + (r + 1) log(r + 1)) sinh(r)) ((r + 1) (2r0 log(r + 1)
− αr3 log(r0 + 1)
)
+ (r + 1) sinh(r)
(
αr3 log(r0 + 1) + r0 log(r + 1)
)− rr0) ] (27)
Using Equations (25), (26) and (27), we obtained the following terms:
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ρ+ pr = − 1
8pir3(r + 1) log(r0 + 1)(−r + 2(r + 1) log(r + 1) + (r + 1) log(r + 1) sinh(r))
×
[
((r + 1) log(r + 1)− r) ((r + 1) sinh(r) (αr3 log(r0 + 1) + r0 log(r + 1))
− r (α(r + 1)r2 log(r0 + 1) + r0)+ 2(r + 1)r0 log(r + 1)) ] (28)
ρ+ pt =
1
16pir3(r + 1) log(r0 + 1)(−r + 2(r + 1) log(r + 1) + (r + 1) log(r + 1) sinh(r))
×
[
(r + (r + 1) log(r + 1))
(
(r + 1) sinh(r)
(
αr3 log(r0 + 1) + r0 log(r + 1)
)
− r (α(r + 1)r2 log(r0 + 1) + r0)+ 2(r + 1)r0 log(r + 1)) ] (29)
ρ+ pr + 2pt =
−1
8pir3(r + 1)(sinh(r)− 1) log(r0 + 1)(−r + 2(r + 1) log(r + 1) + (r + 1))
× 1
log(r + 1) sinh(r)
[
(2(r + 1) log(r + 1) + ((r + 1) log(r + 1)− r) sinh(r))
× ((r + 1) sinh(r) (αr3 log(r0 + 1) + r0 log(r + 1))− r (α(r + 1)r2 log(r0 + 1)
+ r0) + 2(r + 1)r0 log(r + 1))
]
(30)
ρ− |pr| = 1
16pir3(r + 1)(sinh(r)− 1) log(r0 + 1)(−r + 2(r + 1) log(r + 1) + (r + 1) log(r + 1) sinh(r))
×
[
(−2r + 2(r + 1) log(r + 1) + (r + (r + 1) log(r + 1)) sinh(r)) ((r + 1) (2r0 log(r + 1)
− αr3 log(r0 + 1)
)
+ (r + 1) sinh(r)
(
αr3 log(r0 + 1) + r0 log(r + 1)
)− rr0) ]
−
∣∣∣∣∣ sinh(r)16pi(sinh(r)− 1)
[
− 3r0 log(r + 1)
r3 log(r0 + 1)
+
r0
r2(r + 1) log(r0 + 1)
− α(3(r + 1) log(r + 1)− r)(sinh(r)− 1)−r + 2(r + 1) log(r + 1) + (r + 1) log(r + 1) sinh(r)
]∣∣∣∣∣ (31)
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ρ− |pt| = 1
16pir3(r + 1)(sinh(r)− 1) log(r0 + 1)(−r + 2(r + 1) log(r + 1) + (r + 1) log(r + 1))
× 1
sinh(r)
[
(−2r + 2(r + 1) log(r + 1) + (r + (r + 1) log(r + 1)) sinh(r)) ((r + 1)
× (2r0 log(r + 1)− αr3 log(r0 + 1))+ (r + 1) sinh(r) (αr3 log(r0 + 1) + r0 log(r + 1))
− rr0)
]
−
∣∣∣∣∣ 116pi(sinh(r)− 1)
[
− 3r0 log(r + 1)
r3 log(r0 + 1)
+
r0
r2(r + 1) log(r0 + 1)
− α(3(r + 1) log(r + 1)− r)(sinh(r)− 1)−r + 2(r + 1) log(r + 1) + (r + 1) log(r + 1) sinh(r)
]∣∣∣∣∣ (32)
pt − pr = 1
16pir3(r + 1) log(r0 + 1)(−r + 2(r + 1) log(r + 1) + (r + 1) log(r + 1) sinh(r))
×
[
(3(r + 1) log(r + 1)− r) ((r + 1) sinh(r) (αr3 log(r0 + 1) + r0 log(r + 1))
− r (α(r + 1)r2 log(r0 + 1) + r0)+ 2(r + 1)r0 log(r + 1)) ] (33)
−ρ+ pr + 2pt = 1
4pir3(r + 1)(sinh(r)− 1) log(r0 + 1)
[
α(r + 1)r3 log(r0 + 1)− (r + 1)
× sinh(r) (αr3 log(r0 + 1) + r0 log(r + 1))+ rr0 − 2(r + 1)r0 log(r + 1)]
(34)
Case II: b(r) = r
exp(r−r0)
ω =
r + 2
(r − 2) sinh(r)− 2r (35)
pt =
1
16pi
[
(r + 2)
(
− e
r0−r
r2(sinh(r)− 1) −
α
r + sinh(r) + 1
)]
(36)
pr =
(r + 2) sinh(r)
16pi
(
− e
r0−r
r2(sinh(r)− 1) −
α
r + sinh(r) + 1
)
(37)
ρ =
((r − 2) sinh(r)− 2r)
16pi
(
− e
r0−r
r2(sinh(r)− 1) −
α
r + sinh(r) + 1
)
(38)
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Using Equations (36)-(38), we get the following terms:
ρ+ pr =
e−r (αerr2 − sinh(r) (αerr2 + er0)− (r + 1)er0)
8pir(r + sinh(r) + 1)
(39)
ρ+ pt = −e
−r(r − 2) (α (−er) r2 + sinh(r) (αerr2 + er0) + (r + 1)er0)
16pir2(r + sinh(r) + 1)
(40)
ρ+ pr + 2pt = − 1
16pir2(r + sinh(r) + 1)
e−r(r − 2) (α (−er) r2 + sinh(r) (αerr2 + er0)
+ (r + 1)er0) (41)
ρ− |pr| = ((r − 2) sinh(r)− 2r)
16pi
(
− e
r0−r
r2(sinh(r)− 1) −
α
r + sinh(r) + 1
)
−
∣∣∣(r + 2) sinh(r)
16pi
×
(
− e
r0−r
r2(sinh(r)− 1) −
α
r + sinh(r) + 1
) ∣∣∣ (42)
ρ− |pt| = ((r − 2) sinh(r)− 2r)
16pi
(
− e
r0−r
r2(sinh(r)− 1) −
α
r + sinh(r) + 1
)
−
∣∣∣∣∣ 116pi
×
[
(r + 2)
(
− e
r0−r
r2(sinh(r)− 1) −
α
r + sinh(r) + 1
)]∣∣∣∣∣ (43)
pt − pr = 1
16pir2(r + sinh(r) + 1)
e−r(r + 2)
(
α (−er) r2 + sinh(r) (αerr2 + er0)
+ (r + 1)er0) (44)
−ρ+ pr + 2pt = e
−r (αerr2 − sinh(r) (αerr2 + er0)− (r + 1)er0)
4pir2(sinh(r)− 1) (45)
5 Energy Conditions
The important energy conditions are the Null Energy Condition (NEC), Weak Energy Condition
(WEC), Strong Energy Condition (SEC) and Dominant Energy Condition (DEC). For any null
vector, the null energy condition (NEC) is defined as NEC ⇔ Tµνkµkν ≥ 0. Alternately, in
terms of the principal pressures NEC is defined as NEC ⇔ ∀i, ρ + pi ≥ 0. For a time-like
vector, the weak energy condition (WEC) is defined as WEC ⇔ TµνV µV ν ≥ 0. In terms of
the principal pressures, it is defined as WEC ⇔ ρ ≥ 0; and ∀i, ρ + pi ≥ 0. For a time-like
10
(a) Density (ρ) versus r with α = −1 (b) NEC term ρ+ pr versus r with α = −1
(c) NEC term ρ+ pt versus r with α = −1 (d) SEC term ρ+ pr + 2pt versus r with α = −1
(e) DEC term ρ− |pr| versus r with α = −1 (f) DEC term ρ− |pt| versus r with α = −1
(g) Anisotropy parameter 4 versus r with α =
−1
(h) EoS parameter ω versus r with α = −1
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(i) Stress energy tensor T versus r with α = −1
vector, the strong energy condition (SEC) is defined as SEC ⇔ (Tµν − T2 gµν)V µV ν ≥ 0, where
T is the trace of the stress-energy tensor. In terms of the principal pressures, SEC is defined
as T = −ρ + ∑j pj and SEC ⇔ ∀j, ρ + pj ≥ 0, ρ + ∑j pj ≥ 0. For any time-like vector,
the dominant energy condition (DEC) is defined as DEC ⇔ TµνV µV ν ≥ 0, and TµνV µ is not
space-like. In terms of the principal pressures DEC ⇔ ρ ≥ 0; and ∀i, pi ∈ [−ρ, + ρ].
In this paper, these conditions are investigated in terms of principal pressures which are as
follows:
(I) ρ+ pr ≥ 0, ρ+ pt ≥ 0 (NEC)
(II) ρ ≥ 0, ρ+ pr ≥ 0, ρ+ pt ≥ 0 (WEC)
(III) ρ+ pr ≥ 0, ρ+ pt ≥ 0, ρ+ pr + 2pt ≥ 0 (SEC)
(IV) ρ ≥ 0, ρ− |pr| ≥ 0, ρ− |pt| ≥ 0 (DEC)
A normal matter always satisfies these energy conditions because it possesses positive pres-
sure and positive energy density. The wormholes are non-vacuum solutions of Einstein’s field
equations and according to Einstein’s field theory, they are filled with a matter which is differ-
ent from the normal matter and is known as exotic matter. This matter does not validate the
energy conditions.
6 Results
In the present paper, the existence of wormhole solutions is examined in the background of
f(R, T ) theory of gravity with a novel f(R, T ) function defined by f(R, T ) = R + 2α ln(T ),
where α is a constant and T = −ρ+ pr + 2pt > 0. In Section 3, the field equations are derived
and in Section 4, these equations are solved for the following two shape functions defined in the
literature: I. b(r) = r0 log(r+1)
log(r0+1))
and II. b(r) = r
exp(r−r0) . In Section 4, the energy condition terms,
equation of state parameter, anisotropy parameter and stress energy tensor are also computed in
the context of these two shape functions. In this section, the results are discussed and analysed
in detail for each type of shape function.
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Case I: b(r) = r0 log(r+1)
log(r0+1))
This case is dealt with in two subcases I(a): α ≥ 0 and I(b): α < 0. For each subcase, the
results are summarized in Table-1. For positivity of the energy density ρ or any other term,
first the positivity of the stress energy tensor T is required. For α ≥ 0 in Table-1, it can be seen
that T is positive only for r ∈ (0, 0.9). Therefore, the model f(R, T ) = R+α ln(T ) is physically
realistic only near the throat with respect to the shape function b(r) = r0 log(r+1)
log(r0+1))
, elsewhere, i.e.
outside the throat of the wormhole, the model is not physically realistic. The energy density is
found to be positive for r ∈ (0.8,∞). However, the first NEC term ρ+pr is negative throughout,
so we could say, all the energy conditions are violated for this model. Therefore, we must say
that the exotic matter can not be avoided in wormholes modeling in this f(R, T ) = R+α ln(T )
gravity, where α ≥ 0, with respect to the shape function b(r) = r0 log(r+1)
log(r0+1))
. Now, for α < 0, T
is positive for r ∈ (1,∞), so we could say that the model f(R, T ) = R + α ln(T ) is physically
realistic for α < 0 to sustain the wormhole solutions, provided the size of the throat of the
wormhole will be more than one, i.e. r0 > 1. Subsequently, we observed that the energy density
ρ as well as ρ + pt are negative in this range of r, so we can say that all energy conditions are
violated throughout. This means not only throat, but also the entire geometry of the wormhole
is filled with exotic matter. Hence, we conclude that the exotic matter can not be avoided for
the construction of wormhole geometry with this particular choice of f(R, T ) = R + α ln(T )
and b(r) = r0 log(r+1)
log(r0+1))
.
Case II: b(r) = r
exp(r−r0)
This case also involves two subcases with respect to the parameter α and for each subcase the
results are summarized in Table-2. For α ≥ 0, T > 0 for r ∈ (0, 0.8). Therefore, the model
f(R, T ) = R + α ln(T ) is physically realistic only for a very small range of r with respect to
the shape function b(r) = r
exp(r−r0) and elsewhere the model is not physically realistic. For the
same range of r, ρ < 0 and ρ + pr < 0. Thus, our second choice of shape function could not
avoid the presence of exotic matter for α ≥ 0 near the throat of the wormhole as well. Now,
for α < 0, T > 0 for r ∈ (0,∞). Hence, the model f(R, T ) = R + α ln(T ) is physically realistic
throughout the geometry of the wormhole. The first NEC term ρ+ pr > 0 for r ∈ (1.3,∞) and
the second NEC term ρ+ pt > 0 for r ∈ (0, 1.2] ∪ [2,∞). Thus, NEC is satisfied for r ∈ [2,∞).
This estimate indicates, we could avoid the presence of exotic matter for the construction of
wormholes, provided the size of the throat of the wormhole must be greater than two (r0 > 2).
Further, the energy density is observed to be positive for r ∈ [0.8, 1.3] ∪ (2.7,∞). This implies
the validation of WEC for r ∈ (2.7,∞). Now, SEC term ρ+pr+2pt > 0 for r ∈ (0, 0.8]∪[1.3,∞).
For the satisfaction of SEC, the terms ρ+pr, ρ+pt and ρ+pr+2pt should be positive and these
three terms are positive for r ∈ [2,∞). Hence, SEC is valid for r ∈ [2,∞). Furthermore, the
first DEC term is negative throughout, hence DEC is violated everywhere. Thus, all NEC, WEC
and SEC are satisfied for r ∈ (2.7,∞). In this range, where energy conditions are fulfilled, the
anisotropy parameter is negative and the equation of state parameter is positive. This indicates
the presence of attractive geometry filled with ordinary matter. In particular, for α = −1, the
results are plotted in Figs. 1(a) to 1(i). Thus, it also shows that the presence of exotic matter
can be avoided completely if the radius of the throat is chosen greater than 2.7. So, this subcase
for α < 0 with b(r) = r
exp(r−r0) is favourable and provides the wormhole solutions with desired
properties.
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Table 1: Summary of results for b(r) = r0 log(r+1)
log(r0+1))
S.No. Terms α ≥ 0 α < 0
1 ρ > 0, for r ∈ (0.8,∞) > 0, for r ∈ (0.8, 1)
< 0, for r ∈ (0, 0.8] < 0, for r ∈ (0, 0.8] ∪ [1,∞)
2 ρ+ pr < 0, for r ∈ (0,∞) > 0, for r ∈ [1,∞)
< 0, for r ∈ (0, 1)
3 ρ+ pt > 0, for r ∈ (0,∞) > 0, for r ∈ (0, 1]
< 0, for r ∈ (1,∞)
4 ρ+ pr + 2pt > 0, for r ∈ (0, 0.8] > 0, for r ∈ (0, 0.8] ∪ (1,∞)
< 0, r ∈ (0.8,∞) < 0, for r ∈ (0.8, 1]
5 ρ− |pr| < 0, for r ∈ (0,∞) < 0, for r ∈ (0,∞)
6 ρ− |pt| > 0, for r ∈ (0.8,∞) > 0, for r ∈ (0.9, 1]
< 0, for r ∈ (0, 0.8] < 0, for r ∈ (0, 0.9] ∪ (1,∞)
7 4 > 0, for r ∈ (0,∞) > 0, for r ∈ (0, 1]
< 0, for r ∈ (1,∞)
8 ω < 0, for r ∈ (0,∞) < 0, for r ∈ (0,∞)
9 T > 0, for r ∈ (0, 0.9) > 0, for r ∈ (1,∞)
< 0, for r ∈ [0.9,∞) < 0, for r ∈ (0, 1]
Table 2: Summary of results for b(r) = r
exp(r−r0)
S.No. Terms α ≥ 0 α < 0
1 ρ > 0, for r ∈ (0.8, 2.8) > 0, for r ∈ [0.8, 1.3] ∪ (2.7,∞)
< 0, for r ∈ (0, 0.8] ∪ [2.8,∞) < 0, for r ∈ (0, 0.8) ∪ (1.3, 2.7]
2 ρ+ pr < 0, for r ∈ (0,∞) > 0, for r ∈ (1.3,∞)
< 0, for r ∈ (0, 1.3]
3 ρ+ pt > 0, for r ∈ (0, 2) > 0, for r ∈ (0, 1.2] ∪ [2,∞)
< 0, r ∈ [2,∞) < 0, for r ∈ (1.2, 2)
4 ρ+ pr + 2pt > 0, for r ∈ (0, 0.9) > 0, for r ∈ (0, 0.8] ∪ [1.3,∞)
< 0, r ∈ [0.9,∞) < 0, for r ∈ (0.8, 1.3)
5 ρ− |pr| < 0, for r ∈ (0,∞) < 0, for r ∈ (0,∞)
6 ρ− |pt| > 0, for r ∈ (0.8, 2) > 0, for r ∈ [0.9, 1.3] ∪ (3,∞)
< 0, for r ∈ [0, 0.8] ∪ [2,∞) < 0, for r ∈ (0, 0.9) ∪ (1.3, 3]
7 4 > 0, for r ∈ (0,∞) > 0, for r ∈ (0, 1.3]
< 0, for r ∈ (1.3,∞)
8 ω > 0, for r ∈ (2.7,∞) > 0, for r ∈ (2.7,∞)
< 0, for r ∈ (0, 2.7] < 0, for r ∈ (0, 2.7]
9 T > 0, for r ∈ (0, 0.8) > 0, for r ∈ (0,∞)
< 0, for r ∈ [0.8,∞)
7 Conclusion
In general relativity, traversable wormholes exist in the presence of exotic matter that does not
satisfy the null energy condition. In the present work, the generalized theory of f(R, T ) gravity
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Table 3: Summary for the satisfaction/ violation of energy conditions
S.No. Energy condition b(r) = r0 log(r+1)
log(r0+1))
b(r) = r
exp(r−r0)
1 NEC Violated ∀ r, α Satisfied for r ∈ [2,∞), α < 0
2 WEC Violated ∀ r, α Satisfied for r ∈ (2.7,∞), α < 0
3 SEC Violated ∀ r, α Satisfied for r ∈ [2,∞), α < 0
4 DEC Violated ∀ r, α Violated ∀ r, α
5 WEC, SEC Violated ∀ r, α Satisfied for r ∈ (2.7,∞), α < 0
is taken into account to explore the existence of wormhole solutions. This modified theory
provides the material correction by including a factor in terms of stress energy tensor. As a
result, it may lead to the satisfaction of null energy condition. To explore this possibility, at
first, a new form of f(R, T ) function is defined as f(R, T ) = R+2α ln(T ), where α is a constant
and T = −ρ + pr + 2pt > 0 and the field equations are derived. To solve the field equations,
the equation of state is taken as pt = ωρ and the pressures are considered to be related as
pr = sinh(r)pt. The derived field equations are non-linear and they demand the choice of shape
function. In this work, we have chosen the two shape functions introduced in the literature: I.
b(r) = r0 ln(r+1)
ln(r0+1))
and II. b(r) = r
exp(r−r0) . Subsequently, we have analysed the presence of exotic
matter, energy conditions and geometric configuration for these shape functions and compared
the results. It is found that shape function b(r) = r0 ln(r+1)
ln(r0+1))
is not a suitable choice to avoid
the presence of exotic matter near the throat of the wormhole. However, the shape function
b(r) = r
exp(r−r0) with α < 0 provides the wormhole solutions without the support of exotic
matter. These solutions obey NEC and also WEC and SEC for r > 2.7. These are filled with
ordinary matter having attractive geometry. It is concluded that the energy conditions are
violated throughout or the presence of exotic matter can not be avoided, in case of general
relativity, i.e. for α = 0. However, in the framework of f(R, T ) = R + 2α ln(T ) gravity with
α < 0, the wormholes with the radius of the throat > 2.7 do not contain any type of exotic
matter and they avoid the violation of energy conditions completely for the choice of shape
function b(r) = r
exp(r−r0) .
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